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Designation: D 412 - 68 


American National Standard J2.1-1969 
American National Standards Institute 


Standard Method of 
TENSION TESTING OF 
VULCANIZED RUBBER 1 

This Standard is issued under the fixed designation D 412; the number immediately following the designation indicates 
the year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the 
year of last reapproval. 

This method has been approved by the Department of Defense to replace methods 4001, 4116 , 4121, and 4411 of Federal 
Test Method Standard No. 601 and for listing in the DoD Index of Specifications and Standards . Future proposed revisions 
should be coordinated with the Federal Government through the Army Materials and Mechanics Research Center , Water- 
town, Mass. 02172. 


1. Scope 

1.1 This method covers the effect of the 
application of a tension load to vulcanized 
rubber and similar rubber-like materials at 
room temperature and elevated temperatures. 
Covered are tests for tensile stress, tensile 
strength, ultimate elongation, and set. The 
method is not applicable to the testing of 
material ordinarily classified as ebonite or 
hard rubber. 

1.2 This method starts with a piece taken 
from the sample and covers (/) the prepara¬ 
tion of the specimens for tension testing, and 
(2) the tension testing of the specimens. 

2. Definitions 

2.1 sample —a unit, collection of units, or a 
section of a unit taken from a sampling lot. 

2.2 piece —the portion of the sample that is 
prepared for Testing. 

2.3 specimen —a piece of material appro¬ 
priately shaped and prepared so that it is 
ready to use for a test. A specimen may be a 
complete article in the case of small rubber 
bands, gaskets, belts, and similar products 
that are uniform in cross section and are capa¬ 
ble of being tested without reduction in length 
or cross sectional area. 

2.4 tensile stress —The applied force per 
unit of original cross sectional area of speci¬ 
men. 

2.5 tensile strength —the maximum tensile 
stress applied during stretching a specimen to 
rupture. 

2.6 elongation or strain —the extension of a 
uniform section of a specimen, produced by a 
tensile force applied to the specimen, ex¬ 


pressed as a percentage of the original length 
of the section. 

2.7 ultimate elongation —the maximum 

elongation prior to rupture. 

2.8 tensile stress at given elongation —the 
tensile stress required to stretch a uniform 
section of a specimen to a given elongation. 

2.9 tension set^ the extension remaining 
after a specimen has been stretched and al¬ 
lowed to retract in a specified manner, ex¬ 
pressed as a percentage of the original length. 

2.10 set after break —The tension set of a 
specimen stretched to rupture. 

3. Apparatus 

3.1 Dies and Cutters —The shapes and di¬ 
mensions of dumbbell dies for preparing 
dumbbell specimens shall conform with those 
shown in Fig. 1. The inside faces in the re¬ 
duced section shall be polished and perpen¬ 
dicular to the plane formed by the cutting 
edges for a depth of at least 5 mm (0.2 in.). 
The dies shall be sharp and free of nicks in 
order to prevent ragged edges on the speci¬ 
men. Dies and cutters for preparing ring 
specimens shall be designed to produce one 
of the standard ring specimens described in 
4.4. A suggested cutter and holder are shown 
in Fig. 2 for preparing standard ring speci¬ 
mens from sheets prepared in accordance with 
ASTM Methods D 15, Compound and Sam¬ 
ple Preparation for Physical Testing of Rubber 


1 This method is under the jurisdiction of ASTM Com¬ 
mittee D-ll on Rubber and Rubber-Like Products and is 
the direct responsibility of Subcommittee D-11.10 on Physi¬ 
cal Testing. 

Current edition effective Sept. 13, 1968. Originally is¬ 
sued 1935. Replaces D 412 - 66. 
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Products. 2 

Note 1'—Careful maintenance of die cutting 
edges is of extreme importance and can be ob¬ 
tained by light daily honing and touching up the 
cutting edges with jewelers’ hard Arkansas honing 
stones. The condition of the die may be judged by 
investigating the rupture point on any series of bro¬ 
ken specimens. When broken specimens are re¬ 
moved from the clamps of the testing machine it is 
advantageous to pile these specimens and note if 
there is any tendency to break at or near the same 
portion of each specimen. Rupture points consist¬ 
ently at the same place may be the indication that 
the die is dull, nicked, or bent at that particular 
position. 

3.2 Bench Marker—The bench marker 
shall have two parallel straight marking sur¬ 
faces ground smooth in the same plane. The 
surfaces shall be between 0.05 and 0.08 mm 
(0.002 and 0.003 in.) in width and at least 15 
mm (0.6 in.) in length. The angles between 
the marking surfaces and the sides shall be at 
least 75 deg. The distance between the cen¬ 
ters of the marking surfaces shall be within 
0.08 mm (0.003 in.) of the required distance. 

3.3 Stamp Pad —The stamp pad shall have 
plane unyielding surface (for example, hard¬ 
wood, plate glass, or plastic). The ink shall 
have no deteriorating effect on the specimen 
and shall be of contrasting color to that of the 
specimen. 

3.4 Micrometers —The dial micrometer 
used to measure the thickness of flat speci¬ 
mens shall be capable of exerting a pressure 
of 25.8 ± 4.8 kPa (3.6 ± 0.7 psi) on the speci¬ 
mens (Note 2) and measuring the thickness 
to within 0.025 mm (0.001 in.). The anvil 
of the micrometer shall be at least 35 mm (1.4 
in.) in diameter and shall be parallel to the 
face of the contact foot. The dial micrometer 
used to measure the radial width of ring spec¬ 
imens having rectangular cross section shall 
be equipped with curved feet to fit the curva¬ 
ture of the ring. The screw micrometer used 
to measure ring specimens having a circular 
cross section shall be equipped with spherical 
tips either 5 mm or 0.25 in. in diameter and 
shall have graduations not exceeding 0.025 
mm (0.001 in.). 

Note 2—Dial micrometers exerting a force of 85 
g on a circular foot 6.35 mm (0.25 in.) in diameter, 
or 20 g on a circular foot 3.2 mm (0.125 in.) in di¬ 
ameter conform to this pressure requirement. A 
micrometer should not be used to measure the 
thickness of specimens narrower in width than the 
diameter of the foot. 


3.5 Stepped Cone —The cone or frustum of 
a cone used to measure the inside diameter of 
ring specimens shall have steps having dia¬ 
metric intervals not exceeding 2 percent of 
the diameter to be measured. 

3.6 Testing Machine —Tension tests shall 
be made on a power-driven machine equipped 
with a suitable dynamometer and indicating 
or recording device for measuring the applied 
force within ±2 percent (Note 3). If the ca¬ 
pacity range cannot be changed during a test, 
as in the case of the pendulum dynamometer, 
the applied force at break shall be measured 
within ±2 percent, and the smallest tensile 
force measured shall be accurate to within 10 
percent. If the dynamometer is of the com¬ 
pensating type for measuring tensile stress 
directly, means shall be provided to adjust for 
the cross sectional area of the specimen. The 
response of either an indicator or recorder 
shall be sufficiently rapid that the applied 
force is measured with the requisite accuracy 
during the extension of the specimen to rup¬ 
ture. If the tester is not equipped with a re¬ 
corder, a device shall be provided that indi¬ 
cates after rupture the maximum force 
applied during extension. Testers equipped 
with a device to measure elongation automat¬ 
ically shall be capable of determining exten¬ 
sions within 5 percent of the original length. 
If elongation is measured manually, a scale 
capable of measuring each 10 percent elon¬ 
gation shall be provided. 

Note 3—An accuracy of 2 percent does not per¬ 
mit the use of the portion of the range below 50 
times the smallest change in force that can be 
measured. In machines with close graduations the 
smallest change in force that can be measured may 
be the value of a graduation interval; with open 
graduations, or with magnifiers for reading, it may 
be an estimated fraction, rarely as fine as one tenth 
of a graduation interval; and with verniers it is cus¬ 
tomarily the difference between the scale and ver¬ 
nier graduations measured in terms of scale units. 
If the indicating mechanism includes a stepped 
detent, the detent action may determine the smal¬ 
lest change in force detectable. 

3.7 Grips —The tester shall have two grips, 
one of which shall be connected to the dyna¬ 
mometer, and a mechanism for separating the 
grips at a uniform rate of 500 ± 50 mm (20 ± 

2 in.)/min (Note 5) for a distance of at least 
75 mm (30 in.). 

2 1974 Annual Book of ASTM Standards , Part 37. 
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3.7.1 Grips for testing dumbbell specimens 
shall tighten automatically and exert a uni¬ 
form pressure across the gripping surfaces, in¬ 
creasing as the tension increases in order to 
prevent uneven slipping and to favor failure 
of the specimen in its constricted section. At 
the end of each grip, a positioning device is 
recommended for inserting specimens to the 
same depth in the grip and aligning them with 
the direction of pull. 

3.7.2 Grips for testing ring specimens shall 
consist of one or two rollers on each grip at 
least 9 mm (0.35 in.) in diameter and at least 
10 mm (0.4 in.) in length. The surface of the 
rollers shall be lubricated with castor oil to 
facilitate equalizing the stress around the 
specimen. Smaller rollers may be provided 
for testing rings smaller than 25 mm (1 in.) in 
diameter. 

3.7.3 Grips for testing straight specimens 
shall be either wedged or toggle type de¬ 
signed to transmit the: applied force over a 
large surface area of the specimen. 

Note 4—A rate of separation of 1 m (40 in.)/ 
min may be used in routine work and notation of 
the speed used made on the report, but in case of 
dispute the rate shall be 500 ± 50 mm (20 dh 2 
in.)/min. 

3.8 Calibration of Testing Machine —The 
testing machine shall be calibrated in accord¬ 
ance with Procedure A of ASTM Methods 
E 4, Verification of Testing Machines. 3 If the 
dynamometer is of the strain-gage type the 
tester shall be calibrated at one or more loads 
daily, in addition to the requirements in Sec¬ 
tions 7 and 18 of Methods E4. Testers having 
pendulum dynamometers may be calibrated 
as follows: One end of a dumbbell specimen 
shall be placed in the Upper grip of the testing 
machine. The lower grip shall be removed 
from the machine and attached to the speci¬ 
men. To this lower grip shall be attached a 
hook suitable for holding weights. A weight 
shall be suspended from the hook on the spec¬ 
imen in such a way (Note 5) as to permit the 
weight assembly to rest on the machine grip 
holder. If the machine has a dynamometer 
head of the compensating type it shall be cal¬ 
ibrated at two or more settings of the com¬ 
pensator. The motor shall be started and run 
as in normal testing until the weight assembly 
is freely suspended by the specimen. If the 


dial or scale (whichever is normally used in 
testing) does not indicate the weight applied 
(or its equivalent in stress for compensating 
tester) within the specified tolerance, the ma¬ 
chine shall be thoroughly checked for excess 
friction in the bearings and all other moving 
parts. After eliminating as nearly as possible 
all the excess friction, the machine shall be 
recalibrated as just described. The machine 
shall be calibrated at a minimum of three 
points, using accurately known weight assem¬ 
blies of approximately 10, 20, and 50 percent 
of capacity. The weight of the lower grip and 
hook shall be included as part of the calibra¬ 
tion weight. If pawls and ratchet are used 
during test, they should also be used during 
the calibration. Friction in the head can be 
checked by calibrating with the pawls up. 

Note 5— It is advisable to provide a means for 
preventing the weights from falling to the floor in 
case the dumbbell should break. 

3.8.1 A rapid and frequent approximate 
check on accuracy of the tensile tester calibra¬ 
tion may be obtained by using a spring cali¬ 
bration device. 4 

3.9 Apparatus for Set Test— The testing 
machine described under 3.6 or an apparatus 
similar to that shown in Fig. 3 may be used. A 
stop watch or other suitable timing device 
which will register the time in minutes for at 
least 30 min shall be provided. A scale or 
other device shall be provided for measuring 
set to within i percent. 

3.10 Test Chamber for Elevated Tempera¬ 
ture —The test chamber shall conform with 
the following requirements: 

3.10.1 Air shall "be circulated through the 
chamber with a speed of 60 to 120 m (200 to 
400 ft)/min at the location of the grips and 
specimens, and maintained within 2 C of the 
specified temperature. 

3.10.2 A calibrated sensing device shall be 
located near the grips for measuring the ac¬ 
tual temperature. 

3.10.3 The chamber shall be vented to an 
exhaust system or the outside atmosphere to 
remove any toxic fumes liberated at high tem¬ 
peratures. 


3 1974 Annual Book of ASTM Standards, Part 41. 

■* Obtainable from Testing Machines Inc., 400 Bayview 
Ave., Amityville, L. I., N. Y. 11701. 
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3.10.4 Provision shall be made for suspend¬ 
ing specimens vertically near the grips for 
conditioning prior to test. The specimens 
should not touch each other or the sides of the 
chamber except for momentary contact when 
agitated by the circulating air. 

3.10.5 Suitable fast-acting grips for manip¬ 
ulation at high temperatures shall be provided 
to permit placing specimens in the grips with¬ 
out changing the temperature of the chamber. 

3.10.6 The dynamometer shall be suitable 
for use at the temperature of test or thermally 
insulated from the chamber. 

3.10.7 Provision shall be made for measur¬ 
ing elongation of specimens in the chamber. 
If a scale is used to measure the extension be¬ 
tween bench marks, the scale shall be located 
parallel and close to the grip path during ex¬ 
tension and shall be controlled from outside 
the chamber. 

4. Test Specimens 

4.1 Dumbbell Specimens —The piece of 
rubber to be tested shall, whenever possible, 
be flat, not less than 1.5 mm (0.06 in.) nor 
more than 3 mm (0.12 in.) in thickness and of 
a size which will permit cutting a dumbbell 
specimen by means of one of the standard 
dies. If obtained from a manufactured article 
the piece of rubber shall be freed of surface 
roughness, fabric layers, etc., in accordance 
with the procedure described in Methods 
D 15. Specimens from units made in long 
lengths such as dredging sleeves, hose tubing, 
or insulation, shall be taken in the length di¬ 
rection, except that specimens of belts wider 
than 300 mm (12 in.), of sheet packing, of 
hose, or of dredging sleeves more than 100 
mm (4 in.) in inside diameter shall be taken 
in the transverse direction. In the case of spe¬ 
cially cured sheets prepared according to 
Methods D 15 the specimen shall be died out 
in the direction of the grain. Dumbbell speci¬ 
mens shall conform in shape to those shown 
in Fig. 1. Unless otherwise specified, die C, 
Fig. 1, shall be used to prepare the specimens. 
In all cases, the cutting of test specimens shall 
be done with a single stroke of the cutting tool 
so as to assure obtaining smoothly cut sur¬ 
faces. 

4.2 Marking Dumbbell Specimens —Dumb¬ 
bell specimens shall be marked with the 


bench marker described in 3.2. The sample 
shall be under no tension at the time it is 
marked. Marks shall be placed on the re¬ 
duced section of the specimen equidistant 
from its center and perpendicular to its longi¬ 
tudinal axis. The centers of the marks shall 
be either 20.00 =b 0.08 mm, 25.00 ± 0.08 mm, 
or 1.000 ± 0.003 in. apart on specimens cut 
with dies C and Z), and either 50.00 dr 0.08 
mm or 2.000 dr 0.003 in. apart on specimens 
cut with the other dies shown in Fig. 1. 

4.3 Measuring Dumbbell Specimens — 
Three measurements shall be made for thick¬ 
ness, one at the center and one at each end 
of the reduced section of the specimen. The 
median of the three measurements shall be 
used as the thickness in calculating the cross 
sectional area, except that specimens for 
which the differences between the maximum 
and minimum thickness exceeds 0.08 mm 
(0.003 in.), shall be discarded. 

4.3.1 The width of the specimen shall be 
taken as the distance between the cutting 
edges of the die in the restricted section. 

4.4 Ring Specimens: 

4.4.1 The radial width should be less than 
15 percent of the inside diameter of the ring, 
and the hardness should be less than 90, as 
determined by ASTM Method D 2240, Test 
for Indentation Hardness of Rubber and Plas¬ 
tics by Means of a Durometer, 2 or ASTM 
Method D 1415, Test for International Hard¬ 
ness of Vulcanized Rubbers. 2 By means of 
suitable dies, ring specimens may be cut from 
manufactured articles that are flat or from 
thin-walled tubular articles that can be laid 
flat. In the case of heavy-walled tubing greater 
than 1.5 mm (0.06 in.) in thickness, the 
material shall be mounted on a mandrel, 
rotated in a lathe, and the ring specimen cut 
with a sharp tool. Ring specimens shall be of 
dimensions that permit the use of roller grips 
as described in 3.7. 

4.4.2 A standard ring specimen may be 
prepared from flat sheets of certain thick¬ 
nesses. From sheets 4 to 6 mm in thickness, 
the ISO standard ring specimen may be pre¬ 
pared with the following dimensions: Inside 
diameter 44.6 ± 0.1 mm, outside diameter 
52.6 ± 0.1 mm, the radial width nowhere 
deviating by more than zb0.2 mm from the 
mean width. From sheets prepared in accord- 
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ance with Methods D 15, one of the following 
standard ring specimens (Note 6) may be pre¬ 
pared: (/) inside diameter 29.5 ± 0.1 mm, 
outside diameter 33.5 db 0.1 mm^ for testing 
with an apparatus graduated in metric units, 
or (2) inside diameter 30 dz 0.1 mm, outside 
diameter 34 ± 0.1 mm, for testing with an 
apparatus graduated in U.S. customary units. 
The radial width shall be uniform within 0.02 
mm. 

4.4.3 The cross-sectional area of a ring 
specimen shall be calculated from its weight, 
density, and mean circumference. In control 
testing, the cross sectional area of a ring spec¬ 
imen having a rectangular section may be 
calculated from its axial thickness and radial 
width measured with the dial micrometer de¬ 
scribed in 3.4. The thickness of a standard 
ring specimen cut from a flat sheet may be 
assumed to be the thickness of the disk cut 
from inside the ring which can be measured 
with the micrometer (Note 2). Curved feet 
that fit the curvature of the ring shall be used 
in measuring the radial width. For rings hav¬ 
ing a circular cross section, the area may be 
calculated from the axial thickness measured 
with the ball-point micrometer described in 
3.4, assuming radial width to be identical 
with axial thickness. In measuring the axial 
thickness, the ball-tips of the micrometer 
shall be closed with the specimen resting on 
them. Then the tips shall be slowly separated 
until the specimen falls through of its own 
weight. If the area is determined from axial 
thickness and radial width, three measure¬ 
ments shall be made at points distributed 
around the circumference of the ring, and the 
median of the three measurements shall be 
taken for the thickness or width of the speci¬ 
men. The inside and outside diameters of ring 
specimens cut from a sheet may be assumed 
to be the same as that of the cutter deter¬ 
mined from measurements of a ring of light 
cardboard cut by the cutter. The inside diam¬ 
eter of other ring specimens shall be measured 
by the stepped cone described in 3.5, to the 
nearest 2 percent interval, employing no 
stress in excess of that necessary to overcome 
any ellipticity of the ring. The inside circum¬ 
ference shall be obtained by multiplying the 
inside diameter by 3.14. The mean circumfer¬ 
ence shall be obtained by multiplying the.fcum 
of the inside diameter and the radial width by 


3.14. 

Note 6—The standard specimens cut from 
ASTM sheets are designed for autographic testing 
machines to give 100 percent elongation for each 
20 mm on recorder charts graduated in metric 
units when the chart moves 200 mm/min while the 
grips separate at 500 mm/min, or for each inch on 
recorder charts graduated in U.S. customary units 
when the chart moves 10 in./min while the grips 
separate at 20 in./min. The size of these specimens 
gives the correct mean elongation within one per¬ 
cent when calculated in accordance with Note 9. 

4.5 Straight Specimens —Straight speci¬ 
mens may be prepared where it is not prac- 
ticable to cut either a dumbbell or a ring 
specimen, as in the case of narrow rubber 
strip, small tubing, or electrical insulation. 
These specimens shall be of sufficient length 
to permit their installation in the wedge or 
toggle grip used in the test. Bench marks shall 
be placed on the specimens as described for 
dumbbell specimens in 4.2. To determine the 
cross sectional area of straight specimens in 
the form of tubes, the weight, length, and 
density of the specimen shall be determined. 
The cross sectional area shall then be calcu¬ 
lated from these measurements as follows: 

t A = W/DL 

where: 

A = cross-sectional area, cm 2 , 

W. = weight in air, g, 

D = density, g/cm 3 , and 
L — length, cm. 

To determine the cross-sectional area in 
square inches, the area A in square centime¬ 
ters shall be multiplied by 0.155. 

5. Procedure 

5.1 Test Temperature— Unless otherwise 
specified, the standard temperature (Note 8) 
for testing shall be 23 ± 1 C (73.4 d= 1.8 F). 
When testing at some other temperature is re¬ 
quired, the temperature specified shall be one 
of those listed in ASTM Recommended Prac¬ 
tice D 1349, for Standard Test Temperatures 
for Rubber and Rubber-Like Materials, 2 and 
the report shall include a statement of the 
temperature at which the test was made. 
Specimens shall be conditioned for at least 3 
h if the test temperature is 23 C. 

Note 7—This standard temperature is the same 
as prescribed for the Standard Laboratory Atmos¬ 
phere in ASTM Specification E 171, for Standard 
Atmospheres for Conditioning and Testing Mate¬ 
rials. 3 
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5.2 Determination of Tensile Stress , Ten¬ 
sile Strength , and Ultimate Elongation: 

5.2.1 Place dumbbell or straight specimens 
in the grips of the testing machine, using care 
to adjust it symmetrically in order that the 
tension will be distributed uniformly over the 
cross section. If tension is greater on one side 
of the specimen than on the other, the bench 
marks will not remain parallel and maximum 
strength of the rubber will not be developed. 
Start the machine and note continuously the 
distance between the center of the two bench 
marks, taking care to avoid parallax. Record 
the stress at the elongation specified for the 
materials under test and at the time of rup¬ 
ture, preferably by means of an autographic 
or spark recorder. At rupture measure and 
record the elongation to the nearest 10 per¬ 
cent on the scale. 

5.2.2 In testing ring specimens, lubricate 
the surfaces of the grip rollers with castor oil. 
Place the specimen around the rollers with a 
minimum of tension. Start the machine and 
record or note continuously the distance be¬ 
tween the centers of the rollers. If the stress 
and strain are not autographically recorded, 
predetermine the distance between the cen¬ 
ters of the rollers for the elongation specified 
for the material under test by the following 
equation (Note 8): 

D = \/2[{EM/m) + C - G) 

where: 

D = distance between the roller centers of 
two grips, 

E = specified elongation, percent, 

C = inside circumference of the specimen, 
M = mean circumference of the specimen, 
and 

G = circumference of one grip roller (if 
each grip has two rollers, add twice the 
distance between the centers of the rol¬ 
lers on one grip). 

Note 8 —This equation is an approximation 
since changes in the cross sectional dimensions dur¬ 
ing extension have been neglected. For precision 
measurements, substitute M — 3.14/? (1 + 

0.0 l/s)~ 1/z for C, where R is the radial width of the 
specimen (or the axial thickness if the specimen 
turns during extension so that the radial side is in 
contact with the grips). 

5.2.3 Record the stress at the predeter¬ 
mined distances between the centers of the 
rollers and at the time of rupture, preferably 
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by means of an autographic or spark recorder. 
At rupture measure the distance between the 
centers of rollers to within 2.5 mm (0.1 in.) 
and record. 

5.3 For exposure at any temperature above 
the standard temperature (see 5.1), condition 
the specimen for 10 ± 2 min, and place each 
specimen in the test chamber at intervals 
ahead of testing so that all specimens of a se¬ 
ries will be in the test chamber the same 
length of time, that is, if 1 min is required to 
run the test, the first specimen, placed in the 
test chamber 10 min prior to testing, would 
be followed by other specimens at 1-min in¬ 
tervals. The conditioning time at elevated 
temperatures must be limited to avoid addi¬ 
tional curing or heat aging. 

Note 9: Caution— Suitable heat-resistant gloves 
should be worn for hand and arm protection when 
testing at high temperature. An air mask is very 
desirable when the door of the chamber is opened 
to insert specimens; toxic fumes may be present 
and should not be inhaled by the operator conduct¬ 
ing the test. 

5.4 Determination of Set —Place the speci¬ 
men in the grips of the testing apparatus and 
adjust symmetrically so as to distribute the 
tension uniformly over the cross section. Sep¬ 
arate the grips at a rate of speed as uniformly 
as practicable, requiring about 15 s to reach 
the specified elongation. Then hold the speci¬ 
men at the specified elongation for 10 min, re¬ 
lease quickly without being allowed to snap 
back, and allow to rest for an additional 10 
min. At the end of the 10-min rest period, 
measure the distance between the bench 
marks to the nearest 1 percent of original 
length. In stretching the specimen it has been 
found convenient to use a measured rod of a 
length equal to the exact distance required 
between the two bench marks. Holding the 
rod behind the test specimen while it is being 
stretched simplifies the operation and reduces 
the chance of stretching the specimen more 
than the required amount. Use a stop watch 
or equivalent timer for recording the time re¬ 
quired for the various operations. 

5.5 Set at Break—Szi at break is the set 
determined on the specimen when stretched 
to rupture. Ten min after the specimen is bro¬ 
ken, fit the two pieces carefully together so 
that they are in contact over the full area of 
the break. Measure the distance between the 
bench marks. The calculation is the same as 
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that for tension set (see 5.4). 

6. Calculation 

6.1 Dumbbell and Straight Specimens: 

6.1.1 Calculate the tensile stress as follows: 

Tensile stress = F/A 

where: 

F = observed force, and 
A — cross-sectional area of the unstretched 
specimen. 

Calculate the tensile strength by letting F in 
the above equation for tensile stress be equal 
to the force required to break the specimen. 
Tensile stress and tensile strength are ex¬ 
pressed in either kilograms-force per square 
centimeter or pounds per square inch. One 
kilogram-force per square centimeter is about 
14.22 psi. 

6.1.2 Calculate the elongation as follows: 
Elongation, percent = [(L — Lo)/L 0 \ X 100 

where: 

L = observed distance between the bench 
marks on the stretched specimen, and 
L 0 — original distance between the bench 
marks. 

6.1.3 Calculate the ultimate elongation by 
letting L in the above equation for elongation 
be equal to the distance between the bench 
marks at the time of rupture. Calculate the 
tension set by substituting for L in the above 
equation, the distance between the bench 
marks after the 10-min retraction period. 

6.2 Ring Specimens: 

6.2.1 Calculate the tensile stress as follows: 

Tensile stress = F/A 

where 

F — observed force, and 
A = twice the cross-sectional area calculated 
from the axial thickness and radial 
width of the unstretched ring. 
Calculate the tensile strength by letting F in 
the above equation for tensile stress be equal 
to the force required to break the specimen. 

6.2.2 Determine the elongation or strain 
for an extension below rupture as described 
in 5,2. 


6.2.3 Calculate the ultimate elongation 
(Note 11) as follows: 

Ultimate elongation, percent 

- [C ID + G - C)/C\ X 100 

where: 

D = distance between the centers of the 
grip rollers at the time of rupture of the 
specimen, 

G = circumference of one roller (if each grip 
has two rollers, add twice the distance 
between the centers of the rollers on 
one grip), and 

C = inside circumference of the ring speci¬ 
men 

Note 10—The ultimate elongation of standard 
ring specimens cut from ASTM sheets may' be de¬ 
termined by multiplying the highest elongation in¬ 
dicated on the recorder chart by 1.08. This factor 
gives the elongation based on inside circumference. 

7. Characteristics of Piece Tested 

7.1 The median of the values for three 
specimens shall be taken as the characteris¬ 
tics of the piece of rubber tested, except that 
under the following conditions the median of 
the values for five specimens shall be used: 

7.1.1 If one or more values do not meet the 
specified requirements when testing for com¬ 
pliance with specifications. 

7.1.2 If referee tests are being made. 

8. Report 

8.1 The report shall include the following: 

8.1.1 Results calculated in accordance with 
6. Calculation, 

8.1.2 All observed and recorded data on 
which the calculations are based, 

8.1.3 Date of vulcanization of the rubber, 
if known, 

8.1.4 Date of Test, 

8.1.5 Temperature of the test room shall be 
stated if it is other than as provided for in 5.1, 

8.1.6 Type of testing machine used, 

8.1.7 Type and dimensions of specimens 
used, and 

. 8.1.8 When testing at elevated tempera¬ 
ture, the temperature of the test chamber. 
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D-E 

F 

G 

H 

L 

W 


in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 


±0.04 

max 

max 

min 

min 

± 6 * 

±0.25 6 

±1 

±0.04 

±2 

±0.08 

±1 

±0.04 

±2 

±0.08 

±2 

±0.08 

+0.05, -0.00 

+0.002, -0.000 


1 

40 

1.6 

140 

5.5 
32 
1.25 

13 
0.5 
38 

1.5 

14 

0.56 

25 

1 

59 

2.32 

12 

0.500 


1 

40 

1.6 

140 

5.5 
32 
1.25 

13 
0.5 
38 

1.5 

14 

0.56 

25 

1 

59 

2.32 

6 

0.250 


1 

40 

1.6 

115 

4.5 

32 
1.25 

13 
0.5 
19 

0.75 

14 

0.56 

25 

1 

33 
1.31 
6 

0.250 


0.62 

30 

1.2 

100 

4 

32 

1.25 

13 
0.5 
19 

0.75 

14 

0.56 

16 

0.63 

33 
1.31 
3 

0.125 


0.62 

30 

1.2 

125 

5 

32 

1.25 

13 
0.5 
38 
1.5 

14 

0.56 

16 

0.63 

59 

2.32 

3 

0.125 


0.62 

30 

1.2 

125 

5 

32 

1.25 

13 
0.5 
38 
1.5 

14 

0.56 

16 

0.63 

59 

2.32 

6 

0.250 


“ Dies whose dimensions are expressed in metric units are not exactly the same as dies whose dimensions are 
expressed in U.S. customary units. However, equivalent results may be expected from either die. Dies dimen¬ 
sioned in metric units are intended for use with apparatus calibrated in metric units. 

6 For dies used in clicking machines it is preferable that this tolerance be ±0.5 mm or ±0.02 in. 

FIG. 1 Standard Dies for Cutting Dumbbell Specimens. 
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D 412 


Dimensions of Ring Cutter and Holder 

Note —Slot for cutting blade must be positioned so point is on diameter perpendicular to slot. For Bard- 
Parker stainless steel blade No. 15, slot is 5.4 db 0.1 mm wide, 0.35 ± 0.02 mm deep, and offset from center 
line in direction of rotation by 1.7 mm. The run-out of the spindle to which the cutter is attached must not 


exceed 0.01 mm. 


Dimen¬ 

sion 

mm 

in. 

Dimen¬ 

sion 

mm 

in. 

1“ 

14.75 ± 0.05 

0.581 ± 0.002 

H 

39 max 

1.54 max 

I 6 

15.00 ± 0.05 

0.591 ± 0.002 

K 

3 to 4 

0.12 to 0.16 

O a 

16.75 =fc 0.05 

0.659 ± 0.002 

L 

G + 0.1 

g +0.004 

O b 

17.00 ± 0.05 

0.669 ± 0.002 


-0 

- 0.000 

C 

15 min 

0.6 min 

M 

39 ± 0.5 

1.54 db 0.02 

D 

3.0 to 3.5 

0.12 to 0.14 

N 

K ± 0.05 

K ± 0.002 

E 

50 min 

2 min 

P 

+0.0 

+0.000 

F 

30 max 

1.2 max 


-0.1 

-0.004 

G 

25 ± 0.5 

1.00 ± 0.02 

Q 

40 ± 0.5 

1.57 =1= 0.02 




R 

75 min 

3 min 


® Cutter for ring specimens tested with apparatus graduated in metric units. 
b Cutter for ring specimens tested with apparatus graduated in English units. 


FIG. 2 —Continued 
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o o -.:—) SHAFT AND SLOTTED 


SHAFT WITH PINS-TO ENGAGE SPOOLS TO ENGAGE PIN WHICH 

ACTS AS CLUTCH. 


FIG. 3 Apparatus for Permanent Set Test. 


By publication of this standard no position is taken with respect to the validity of any patent rights in connection there¬ 
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard 
against liability for infringement of any Letters Patent nor assume any such liability. 
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